Abstract. In a simple reaction between Silver nitrate and Thiourea under the presence of Chitosan, novel fork architectures of silver sulfide (Ag 2 S) were obtained through In-situ self-assembly of 
which involves in situ nucleation of Silver sulfide nanoparticles inside a polymer matrix. Since Cationic surfactants were found effective stabilizers for Ag 2 S [27] and Ag 2 S nanoparticles capped by NH 2 group were found to result in self assembly [28] , a polymer matrix with these properties was needed. Owing to the abundance of free amine groups on Chitosan, its reactivity [29] and solubility as a function of pH and good chelating ability with transition metal ions [30] along with its non toxic nature, make this polymer to be used as a polymer matrix in the present work. Chitosan is the deacetylated product of chitin, which is an abundantly present macromolecule in crustacean exoskeleton (shrimp, crab, etc.). The monomer unit in chitosan is glucosamine (2-amino-2-deoxy-Dgluco-pyranose).
This paper describes a simple method to obtain the assemblies of Ag 2 S nanoparticles by In-situ reaction of Silver nitrate with CS(NH 2 ) 2 (Thiourea) at 60 °C in vacuum inside Chitosan matrix.
Novel Fork architectures were formed from self-assembly of Ag 2 S spherical nanoparticles with average diameter 8 nm. Transformational changes were observed as a function of temperature by collecting three aliquots of colloids at 60 °C, 80 °C and 100 °C temperature, which indicate formation of fork structures from tape like structures with increasing temperature. The growth and self-assembly of Ag 2 S tape and fork architectures were investigated and their possible growth mechanism is discussed.
Experimental Details
0.2% Chitosan solution was prepared in 1% acetic acid. 4 mmole AgNO 3 solution and 2 mmole Thiourea (Tu) solution was prepared in certain amount of ultra pure water. The above prepared Chitosan and AgNO 3 solution was mixed, then pH of this mixed solution was adjusted to 10 using 1 % aqueous ammonia. After mixing, the solution was taken in three neck reaction vessel and this vessel was kept in dark place and stirred for 4 h under vacuum (10 -3 
Results and Discussion
Instrumentation. Crystallinity and purity of the samples were studied by X-ray diffraction (XRD) analysis on Rigaku Mini Flex 2 Desktop diffractometer using Cu Kα radiation. The fork and tape images were taken using scanning electron microscope on a JEOL/EO version -1 model JSM-6390.
The Ag 2 S nanoparticles were characterized by transmission electron microscopy on a TECNAI 20 G2 microscope with an acceleration voltage of 200 kV, using W/LaB6 Filament at Room
Temperature. Fourier transform infrared (FTIR) spectra of the colloids were recorded using a PerkinElmer FTIR Spectra-BX Spectrometer. Room temperature Raman Spectra was collected using Jobin
Yvon Horiba HR 100 Raman Spectroscope. Argon laser with wavelength 488 nm was used as source of excitation at 10 mW power with Hole diameter 1000 µm and slit width 500 µm using Grating 1800. UV/vis spectra were recorded on ECIL-GS5705 Spectrometer. Samples for UV/vis spectroscopy and Raman Spectroscopy were prepared by diluting the colloidal samples in 10% v/v with di-water.
Microscopic Characterization of Ag 2 S fork Architectures. Fig. 1 presents the SEM images of aliquots collected at 60 °C ( Fig. 1(a-b) ), 80 °C ( Fig. 1(c-f) ) and 100 °C ( Fig. 1(g-h) ). It is clear from these images that initially at 60 °C non uniform tape like Ag 2 S assemblies were formed ( Fig. 1(a-b) ), as temperature reaches to 80 °C these tapes get more precise with uniformity and developed flat head at one end with multiple armed structure, which resembles fork, hence fork Ag 2 S architectures were formed. When the temeprature were increased to 100 °C; the length of the tail portion of the forks increases significantly (Fig 1(g) ).
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Fig. 3. XRD Pattern of Ag 2 S fork Architecture
X-ray diffractogram of the precipitate extracted from colloidal suspension is shown in Fig. 1 and the peaks indexed, as referenced from JCPDS file no. 14-0072, corresponds to Monoclinic Acanthite α-Ag 2 S. No impurities can be detected in this pattern. This indicates that crystalline Ag 2 S is formed. The broadening of these diffraction peaks suggests that the samples are in nano size.
More information about the crystallinity and the size of the particles waere found in the transmission electron microscopy (TEM) study, accompanied by selected-area electron diffraction (SAED)
analysis. The typical SAED pattern showin in Fig. 2 b, consist of spotted rings which indicate the coexistence of polycrystals with single crystal domains of Ag 2 S as already reported earlier [24] . The dspacings and the relative intensities of the diffraction rings of the Ag 2 S NPs are found to be consistent with those reported for monoclinic acanthite [31] , which is the most stable polymorph of Ag 2 S at ambient temperature.
Nano Hybrids Vol. 1 29
Optical characterization of Ag 2 S fork Architectures. Fig. 4 (a-b) shows FTIR spectra of pure Chitosan 0.2% solution and Ag 2 S fork architectures respectively. In Fig. 4(a) , spectral deformation band at 3400 cm -1 for the OH -groups, convoluted peak at 2900 cm -1 for the -CH 2 backbone, 1650-1690 cm -1 for the amide I (C=O) bands, there is another convoluted spectral peak at around 1650 -1550 cm -1 ,which are assigned to amine (-NH 2 ), convoluted The fundamental and overtone modes correspond to these vibrations match well with vibrations of low temperature α-Ag 2 S phase [35] . The observation of multiple resonant Raman peaks indicates that the yielded Ag 2 S nanoparticles possess good optical quality [39] and good crystalinity [40] .
Peaks at 1560 cm -1 and 1620 cm -1 , correspond to Amide II and Amide I region and Peak at 1400 cm -1 corresponds to CH 2 backbone of Chitosan chain. These results confirm the incorporation of Ag 2 S nanoparticles inside Chitosan matrix [41] . UV-Vis absorption spectra in the 200-600 nm region of as synthesized products at various temperatures are given in Fig. 5(b) . 
Nano Hybrids Vol. 1 33
It is clear from the spectrum (Fig.5(b) ) that there is no effect of temperature on optical absorption, since all the samples possesses similar absorption spectra. All samples have broad absorption starting from 600 nm to 250 nm with monotonous increase in absorption toward the lower end of wavelength. The band gap of the synthesized Ag 2 S nanoparticles were determined using theory of optical transition [42] and the band gap has been estimated by (αE hν ) 2 − E hν plot for direct inter band optical transition whereas (αE hν ) 1/2 − E hν plot for indirect transitions. Absorption coefficients (in cm −1 ) were calculated using the following equation: ).
Dependence of absorption coefficient on photon energy, calculated for colloidal Ag 2 S solutions at different temperatures are shown in Fig. 6 . It can be seen that at both 60 °C and 100 °C temperature both direct and indirect electronic transitions can occur at the photo excitation of silver sulfide nanoparticles. As can be concluded that band gap found (5.3 eV) exceed the values of bulk silver sulfide (for bulk Ag 2 S, E g = 0.9 eV) [43] . Hence synthesized nanoparticles show quantum confinement effect and posesses both direct and indirect transitions. The occurrence of both direct and indirect transitions was also previously reported by Kryukov et al [44] . It is also clear from these results that a small red shift of 0.02 eV occurred while incrreasing temprature to 100 °C.The difference in direct band gap and indirect band gap in both cases were found to be constant i.e.
34 Nano Hybrids Vol. 1
Which follows from this that transitions of both types are excited in the same particles having an average size. Hence quantum confinement effect in Ag 2 S nanoparticles apparently do not affect reciprocal disposition of energy levels participating in these transitions [45] . Chitosan chains and by forming bridges to hydroxyl groups [47] , as illustrated in. (Scheme-I(a)).
The Proposed Growth Model and Formation
After nucleation, Ag 2 S growth takes place in the free space among chitosan macromolecule chains with obvious consequences on the morphology of the inorganic deposits, owing to the effect of the
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Van der Waals forces, electrostatic forces and hydrogen bonding among its chain [48, 49] Since, it is evident from the SEM images that the long tape structures are formed initially at 60 °C, hence there is a probability of non uniform linear arrangement and non-symmetry along radial direction, which could result in head formation with multiple arms in the late growth stage of tapes as was seen in case of 1D growth of nanorods [50] . However in this study all this happens at the micro scale, this paves the way to work more on these findings. 
Conclusion

